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ɭ̐  
 
AT-MSCs: Adipose Tissue derived Mesenchymal Stem CellsΊːˉʰʾɧǹ͗˧ʨƅʮˎ΋ 
MEM: Minimum Essential Medium alpha 
DMEM: Dulbecco’s Modified Essential Medium 
FBS: Fetal bovine serumΊVfˌá˱Ⱦ΋ 
FDA: Food and Drug AdministrationΊʤĶ;ĪĈˬĪű΋ 
GvHD: Graft versus Host diseaseΊʏȊɖŧŢ¨ɰƨ΋ 
IMDM: Iscove’s Modified Dulbecco’s Medium 
iPS cells: induced pluripotent stem cells Ί°ŹŊˏƦƅʮˎ΋ 
i-QD: internalize quantum dots 
MSCs: Mesenchymal Stem CellsΊ͗˧ʨƅʮˎ΋ 
QD655: Quantum dots 655 
SCM: Serum-Containing MediumΊ˱ȾģǯľͿȺ΋ 
SFM: Serum-Free MediumΊɔ˱ȾľͿȺ΋ 
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ʘ΍ʖ  ƈ̔  
 

























 ʮˎľͿȺ< 1911Ƅ: LewisJŃͽɇȺ:Sz͋ouPĀÅ2/
;ǭó;ĞƱľͿȺ6L7&M5Lƒǥ<ʰʾǂïȺ:˱ɋHŃͽɇȺPĀ
/ȺÃľĹÇOM5/1950Ƅ¶: Eagleʙ<HeLaʮˎʙ;ľͿ;/F: Eagl
e’s Basam Medium(BME)P͖ɵ'-;ƘɟĸÇɥ&M5LľͿȺ;h79L m
























1.2. ͗˧ʨƅʮˎ  
 ͗˧ʨƅʮˎ(MSCs)<~tƱÃʰʾ¦:ŗĸ)Lʰʾƅʮˎ;36ƅʮˎ;ə
Ơ6L˞Ż˼˻ˏH͗˧ʨ;ˍ˧:ɧǹ)LÃʮ Ίˎːˉʮˎ΃ˤʮˎ̪ ΃ʮˎ








al., 2004, Huang et al., 2009, Hermida et al., 2011, Tondreau et al., 2005, Park et al., 
2011, Schwabet al., 2008, Baksh et al., 2007, Sarugaser et al., 2005΋$;$7J MS
Cs7'5;ś˂Pǣʆ:)L/F International Society of Cellular Therapy (ISCT)Ŀ
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ɆPśF5LΊDominichi et al., 2006΋-;ĿɆ<ĿǶ@;ǊʀˏPǯ)L$




















L-;37'5 MSCs;àɯƺöˏLæÃɷ:MSCs< TGF-β, IL-10, PG
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E2, IL-6, IDOʙdUt[UPɤɣ'͗Ǌɷ: TʮˎBʮˎNKʮˎȓɛʮˎ
ΊDC΋;ŅȞH IFNγʙ;ȳƦĆdUt[UɤɣPƺö)LǞƺöƦ Tʮˎ;ȳ
ƦĆƺöƦ TʮˎJ; IL4H IL10ɤɣ̏ŬPƎ ̣$'ƑàɯƺöÅɥPƬ
̣)L(review of Sharma et al., 2014)&J:dUt[Uɤɣ:IL͗Ǌɷ9Åɥ;
D9J*ʮˎ˵ͯ:ɵɟ)L Notch ligandH Jagged-1P²'Tʮˎ7ɼǊǊʀ)L$
76 Tʮˎ;ȳƦPƺö)L$7GʁJM5L(Liotta et al., 2008)$;I9 MS
Cs;Ƒþ9àɯƺöÅɥ<GvHDHVoʙàɯʨɰƨ:ŧ)Lǝ/9Ȫɳȭ7
'5;õɥȰɻ&M5KĄɘŜ΂;D9J*~tPŧ̚7'/˝Ƈʄʔ:5
G-;ǯăƦŀĥ&M5L(Mcintosh et al., 2006, Niemeyer et al., 2008, Ra et al.,
 2011) 
 C/ MSCs<ʮˎ;U`f(SDF-1 CCL, CXCL)HðĆʰʾÏƝ;




K-;ǯăƦʆ̎&M5LΊOsugi et al., 2012΋ 




1.3. êɣĈɳ;ɟɛ  
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£ɫ6< 10ÝéP̤LʱɀăǼǱƖ&M5LΊĴ 1΋$;ɛȫPĚ"5êɣĈ
ɳ˻Ī;ŜɥĆPÍ̼)L/FǡǴ6<ǝ/:êɣĈɳ:͘)Lȭ˿öPśFêɣ











ˏƦʙŊ!;ď͡ƦPǀ5LΊBjare. 1992, Price and Gregory, 1982, Even et al. 2
006΋ʤĶ; Food and Drug Administration(FDA)<Ȫɳ:ɥLʮˎ;ľͿ:Çɥ)
L FBS:35ZƮǿʙ9əś;ĹĽ;G;:͝ś'5ÇɥP̉ě)L

















1.4. ːˉɧǹ͗˧ʨƅʮˎPÇ2/êɣĈɳ  
 ŊˏƦƅʮˎHʰʾƅʮˎ<Ãŉ6ľͿĀŹ)L$76ȏ9ʮˎ:ðĆ)L$
76 L$7J-;ȧɥƦ<΅ƅʮˎ;˝Ƈƣɥ:<ĭͻGŊÈ= E
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ʾɧǹ MSCs:ȢAʰʾ¦:ģCML MSCs;͏Ŋ!ΊStrem et al., 2005΋ŅȞˏ
΅$7(Cowan et al., 2004)˱ ȾǾȿɢń̏Ŭ&MLStfh:ŧ'5Ƒ
ǁƼƦPǅ3$7(Peng et al., 2008)ͅ½ɷřśƦ΅¬ΊDahl et al., 2008΋bFG




'/ŊǙ;ŀĥL(Cowan et al., 2004Yañez et al., 2007)&J:<~t:ŧ)L
˝ƇʄʔG˲OM5KňƓƦ͘ʟɲ͘ʟVoŋ˘΃͸ņȜɲªƳêƌʙ
PŒF7'/ȏ9ɰƨ:ŧ'5ːˉɧǹƅʮˎ;ǯăƦʈ&M5L(Gimble et a




1.5. ːˉɧǹ͗˧ʨƅʮˎ7ɔ˱ȾľͿ  
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 ːˉɧǹƅʮˎPɥ/˝Ƈʄʔ;Ŋ!<΍İ;Ȫɳ: 1×107-109;ʮˎǙPƢ˽
7)L$;Ƣ˽9ʮˎǙPƛL/F¬ù: FBSPģEľͿȺ6ʮˎ;ľͿĕ>ŅƁ





 $MC6 MSCsľͿ6 FBS:ILď͡ƦPİ͆)LƵȟ7'5˞Ż˱ȾH´Š˱
ȾΊ~t˱Ⱦ΋Platelet rich lysateΊPRP΋ɔ˱ȾľͿȺʙPÇɥ'/ʄʔŀĥK
-;ǯɥƦŀĥ&M5L(˵΍Shahdadfar  et al., 2005Goedecke et al., 2011K
ocaoemer et al., 2007)''~t˱ȾH PRP< FBSPÇɥ'/ŁĞ7ğȏ: Lot.͗6





t al., 2010)''$MJɔ˱ȾľͿȺ<˻ĪȠ:Ʀˏŋ !ɮ9L$7Hƚǹ
; FBSPÇɥ'/ľͿȺ:ȢAřś'5ľͿ)L$7ïǹ9ʙ řśƦưƤ&
ML(Gottipamula et al., 2013)&J:ɟĸ˲OM5Lːˉɧǹ MSCsPÇ2/ɔ˱Ⱦ
ľͿ:͘)Lʄʔŀĥ;Ŋ!<1-2ʶ¶ɻC6˱ȾľͿȺPÇɥ'-;Ƙɔ˱Ⱦľ
ͿȺ:ñKǬL¬6-;̋ËP˲25K(Lindroos et al., 2009Rajala et al., 2010)
ðͫ-ó¶ľͿ-ʶ¶ľͿ;ã5;ŹʐPɔ˱ȾǸ¹Ć6˲”ɔ˱ȾľͿʨ”<ǲ0ʆʕ
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ʘΏʖ Ŝ΂Ǟȭ  
 




 ~tːˉʰʾ<{d6ʮǜ' PBS (Cell Science Technology Institute, CSTI, Se
ndai, Japan) +2%FBS(Hyclone, South Logan, UT) +0.1% cbvk L(Nitta gelat
in, Tokyo, Japan)Ĕ<Ǖň αMEM basal medium (CSTI) +2%~t˱ȾSΊHS
A, Sanquin, Amsterdam, Nederland΋ +0.1%cbvk L¦6 37΍ǥ͗U]
t'/cbvkîɡ&M/ʰʾ< 100µm;TmP̷'/Ƙ 20mL
; PBS+2%FBSĕ> PBS+2%HSAP-M.MĀ 1500rpm7ð͗͂ơȲȵ'PBS+2%
FBSĔ< PBS+2%HSA6 pelletPưɍ'͂ơ'/İĘ'/ pellet<˱ȾģǯľͿȺΊS
CM, (MEM (Invitrogen Life Technologies, Oregon, U.S.A.) +10%FBS +10ng/mL bFG
F (PeproTech Rocky Hill, U.S.A.))ĕ>ɔ˱ȾľͿȺΊSFM, ǕňĻMEM (CSTI) +bF










3.2. ~tːˉʰʾJʮˎ;ðͫŹʐ;̋Ë  
 ~tːˉʰʾ<Ǟȭ 3.16̲A/ǞȭI:ʮǜ&M/Ƙ· 33;ɇŕ¦6c
bvkîɡP˲2/ΊǸ¹ΕPBSǸ¹ΕPBS +2%FBSǸ¹ΕǕňMEM 
basal medium +1%HSA΋îɡƘpellet< FBSC/< HSAPģE PBS6Ȳȵ&M/
ʮˎ< 1mL; RBC Lysis buffer (154 mM ammonium chloride (Wako, Osaka, Japan), 1
0 mM potassium hydroxide (Wako), 82 µM EDTA-4 Na (DOJINDO Molecular Technol
ogies, Kumamoto, Japan) in water) 6ưɍ&M/Ƙ 376 5ð͗U]t'/
-;Ƙ PBS6ʮˎPȲȵ)L$76̡˱ɠP͟Ē'/ʮˎ<ƼÃ CD31-FITC, CD
73-PE, CD90-PEcy5, CD45-APC (BD Pharmingen, CA, U.S.A.)6 430ð͗ǿˣ&
M-;Ƙ PBS+2%FBS6͂ơȲȵ (1500rpm, 5ð͗)Ƙ PBS:ưɍ'/ĝʮˎưɍ
Ⱥ:<ưɍȺ7ʙ͏; flow-count beads (Beckman coulter)PĀdUtm
Galios (Beckman coulter)6ɃśP˲2/C/Ƀśsm;̂Ǻ<ltVWS K
aluza (Beckman coulter)6˲2/CD90+, CD73+, CD31-, CD45- ʵŧʮˎǙ;̄Ƀ
<·;ƍ:5̄ʝ'/ 
CD90+, CD73+, CD31-, CD45-ʵŧʮˎǙΖflow-count beadsɎƉΊbeads/µl΋ΊCD90
+, CD73+, CD31-, CD45- ʮˎ eventǙ΋/ Ίflow-count beads eventǙ΋ 
 
3.3 ʮˎŅȞˏ;̋Ë  
 ʮˎŅȞˏ;̋ËP˲/FľͿȺâ2/ T25-Flask(SUMILON):ʮˎPǑʑ'
  19 
ʪ 90ΉcXhC6ʮˎŅ/ȟͣ6r-TE/s-TI(CSTI)PĀʮˎPİĘ'/
T25-FlaskP PBS6åȲ'/ƘʮˎǙP˱ɠ̄ʝɺ6̄Ƀ'/ʮˎ< 1000rpm, 5
ð͗͂ơ&MľͿȾPƊȉ'/Ƙś͏;ʮˎPǝ/9 T25-Flask:Ǒʑ'/
$MP΍ʶ¶7'5~10ʶ¶ľͿPʷ"/ 
 ȏ9ŅȞıŖ:ILAT-MSCs@;ŅȞÍ̼ăǼ;ȋ̊:< Cell counting kit (Nac
alaitesque, KYOTO, Japan)PÇɥ'/æÃɷ:<3.5×103cells/50µl; AT-MSCsP
96well micro plate (SUMILON):Ǒʑ'/&J:ĝŅȞıŖĕ> 1%FBSPģǯ)L
MEMPĝ well: 50µl43Ā total 100µl7'CO2U]mè6ΐǡ͗
ľͿ'/ŅȞˏɃśù:cell counting kit assay reagentP 10µl43 well:Ā CO2
U]mè6Ώǥ͗ľͿ'/ľͿƘĝ well; 450nm;ĤßƉΊR











0.1%cbvkĕ> 2%FBSPģE PBS¦6 37΍ǥ͗U]t'/-
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;Ƙ 2%FBSPģE PBS6ʮˎPȲȵ'/΃΄ĕ>Ț΄ƅʮˎ<ĝľͿȺ6 1ʶ¶ľ
ͿƘ;ʮˎPȚȅ˙ɧǹƅʮˎ<˱ȾģǯľͿȺ6 2ʶ¶ľͿƘ;ʮˎPŅȞ̌΂:






3.5. ˵ͯƼđ̂Ǻ  
 ľͿʮˎP r-TE/s-TI(CSTI):IKľͿšįJúͫ'PBS(CSTI)6Ȳȵ'/-;
Ƙ ĝƼÃ(ƼÃ-CD13 (1:200), -CD14 (1:200), -CD31 (1:40), -CD34 (1:200), -CD45 (1:
200), -CD73 (1:200), -CD90 (1:40), -CD105 (1:200), -CD166 (1:40), -HLA-DR (1:200) 
ƼÃ (BD Pharmingen)PģE PBS+2%FBS¦6 4ɢń 30ð͗U]t'-
;Ƙ PBS+2%FBS6Ȳȵ'/ʮˎ< 400µl; PBS+2%FBS6ưɍ&M˵ͯƼđ;ɵɟ
<dUtmGalios (Beckman coulter, Fullerton, CA):IKðǺ&M/
Ƀśsm;̂Ǻ<̂Ǻlt Kaluza (Beckman coulter)6˲2/ 
 
3.6. ŊðĆˏ;̋Ë  
 ľͿʮˎ< 4-well IVF plate (BD Falcon):Ǒʑ'ŅȞɥľͿȺ6ľͿ&M/ʮ
ˎcXh:̀'/ƘŅȞɥľͿȺPęK͟ PBS6ȲȵƘːˉðĆɥ
ľͿȺΊ(IMDM (Invitrogen) +10% FBS (Hyclone), 0.5 mM 3-isobutyl 1-methylxantine  
(Sigma-Aldrich), 10 µg/mL insulin (Wako), 0.1 mM Dexamethasone  (Sigma-Aldrich), 2
  21 
00 µM Indomethasine  (Sigma-Aldrich))Ĕ<΃ˤʮˎðĆɥľͿȺΊIMDM +1%BFS, 1
0 mM β-glycerol (Sigma-Aldrich), 200 µM ascorbic acid (Sigma-Aldrich), 0.1 mM dexa
methasone (Sigma-Aldrich), 20 ng/ml EGF (PeproTech, USA)PĀ/ðĆľͿȺ< 3, 
4ǡȠ:ǝΆ9ĝðĆɥľͿȺ:¯Ǎ' 30ǡ͗ľͿ'/30ǡƘːˉʮˎ@;ðĆ
ĕ>΃ˤʮˎ@;ðĆ<ZUpu O(Muto Pure Chemicals, Tokyo, Japan) ĕ>
Sepu SΊKodak, Tokyo, Japan΋6-M.Mǿˣ)L$7:IK̋Ë'/
&J:ðĆƑƉ;ś͏P˲/F$MJǿˣȺ6ǿˣ'/ʮˎ:ŧ'5ːˉʮˎðĆ
Ǹ¹@<Ul}z+2%IGEPAL(Sigma-Aldrich)ɇȺP΃ˤʮˎðĆǸ¹@<
__ȺΊKantokagaku, Tokyo, Japan΋PĀðßßƉ̄6-M.M 4
92nmĕ> 480nm;ĤßƉPɃś'/ 
 ̪΃ʮˎ@;ðĆ<̪΃ðĆɥľͿȺ(IMDM +1% FBS, 1% ITS-premix (BD Bios
cience), 4 mM proline  (Sigma-Aldrich), 50 µg/mL Ascorbic acid, 0.1 mM dexamethaso
ne, 1 mM sodium pyruvate ((Sigma-Aldrich)), 10 ng/mL TGF-β3 (PeproTech, USA), 20
 ng/mL BMP-6 (PeproTech, USA)), 20 ng/mL BMP-6 (PeproTech, USA):ưɍ'/ľ
ͿʮˎP low-cell adhesion 96 well plate (SUMILON)@ 2.5×105 cells/200µl/well;Ǹ¹
6Ǒʑ'/̪΃ðĆɥľͿȺ< 3-4ǡȠ:ǝΆ9̪΃ðĆɥľͿȺ:¯Ǎ'/30
ǡƘhWUuPİĘ' PBS(CSTI)6ȲȵƘ 4% }Ss~uɇȺ (Naca
laitesque, KYOTO, Japan)6ĵś'/-;ƘhWUuP 10%, 20%, 30% h_
hɇȺΊNacalaitesque΋:ĝ 1ǥ͗ȸɊ'/ƘO.C.T compounds(Sakura Finetek US
A, Inc., CA):íʲŨļ'/íʲp_P 7mmĐ6˫ñ'tUg6ǿ
ˣ'/ΊMuto Pure Chemicals΋ 
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3.7. ȄĻ̂Ǻ  
 ǝ/:͖ɵ'/ɔ˱ȾľͿȺ6 10ʶ¶ľͿ'/AT-MSCsP 10cm2dish:Ǒʑ'80%
cXh:̀'/ȟͣ6 Karyo-Max(Invitrogen)PĀCO2U]mè
66ǥ͗U]t'/-;Ƙr-TE/s-TI(CSTI)6ʮˎPúͫ'͂ȩʞ:İĘ
'/ʮˎâ2/͂ȩʞ< LSI Medience Corporation (Tokyo, Japan, http://www.medi
ence.co.jp):̴JMȄĻ̂Ǻ˲OM/ 
 
3.8. SA-β-galactosidaseȳƦ;̋Ë  
 SA-β-galactosidaseȳƦ;ɃśP˲/F 2.5×104 Ð; AT-MSCsP 96well microplate
ΊSUMILON΋:Ǒʑ'CO2U]mè6ǦU]t'/-;Ƙ
ľͿȾPęK͟ PBS6ʮˎPȲȵƘ50µl; PBS7 50µl; Beta-Glo assay system
ΊPromega, Madison, WI΋Pĝ well:Āŝɂǩƴ6U]t'/30ðƘ
Ⱦ;ɵßƑƉPzmΊTD-20/20, TURNER DESIGN΋6Ƀś'/ 
 
3.9. CFU-F assay 
 ͗˧ʨƅʮˎ<˞Ż˼˻ˏPǯ'Čʮˎð˸PʿḴ)$76cwPƓƱ)
L$;cwƓƱˏP̋Ë)L/F Digirolamo et al.(1997);ǞȭP͇Ǖň' CF
U-F assayP˲2/æÃɷ:<SCMC/< SFM6 4ʶ¶ľͿ'/ AT-MSCs 100
ÐP 10cm dish(SUMILON):Ǒʑ' 8mL; SCMPĀ 14ǡ͗CO2U]m
è6ľͿ'/ľͿȺ< 3ǡȠ:ǝΆľͿȺ:¯Ǎ'/14ǡƘľͿȾPƊȉ
'ʮˎµʀ'/ dishP PBS6ΏİȲȵ'/-;Ƙ mz:ɇ̂'/ 5mL 
; 0.5%_hm|UZpt(Sigma-aldrich)ɇȺP dish:Ā10ð͗ŝɂ:ǖˀ'






3.10. ͅ½Ŗɵɟ̂Ǻ  
 ͅ½Ŗɵɟ̂ǺP˲/FľͿʮˎJ RNA;ǂï< RNeasy kit (Qiagen, Valenci
a, CA)PRNAJ cDNA;ĞƱ< ReverTra Ace (TOYOBO, Osaka, Japan)PcD
NAJɻɷͅ½Ŗ;ŅƁ< RT-polymerase chainreaction kit (TOYOBO)PÇɥ'ę
ƶ̑ǣǫ:ƚ˲2/cDNAJɻɷͅ½Ŗ;ŅƁP˲/FėƣɇȺ¦: cDNA,
 primer (forward&reverce), TAQPĀ Gene Amp PCR system 9100 (Applied Bio Syst
ems, Foster City, CA)PÇɥ'ňƦ(95oC, 30ʎ) and ¿Ɛ (55-65oC, 30ʎ) 6 24-40d
U_ėƣP˲2/C/ś͏ɷ RT-PCR< THUNDERBIRD SYBER qPCR MixΊTO
YOBO΋PÇęKƶ̑ǣǫ:ƚ 7500 Fast Real time PCR system(ABI)6Ƀśĕ
>̂ǺP˲2/Ŝ΂:Çɥ'/U͈ò<˵Ύ:ʈ'/ 
  
3.11. ELISA assay 
 BMP2ĕ> CCL2, CCL5; ELISA assay<Ž̜; ELISA]pt(DuoSet ELISA Deve
lopment Kit, R&D systems, Mineapolis, MN, USA) PÇęKƶ̑ǣǫ:ƚ˲2
/ĤßƉ< Model 680 U_tn(Bio-Rad, Hercules, CA, USA)6Ƀ
ś'/ 
 Ƀś:Çɥ)LľͿȾPİĘ)L/FAT-MSCsP dish:śɎƉǑʑ'/ (B
  24 
MP2: 3.3×105cells/mLCCL2, CCL5: 1×105cells/mL) CO2U]mè6 48ǥ
͗ľͿƘľͿȾPİĘ'/C/«Öȋ̅;ʲǼBMP2ĕ> CCL5PľͿȾ
¦6ȋï6 92//FʮˎP 10ng/mL; TNF-αPĀ/ĝľͿȺ¦6 48ǥ͗÷
Ɍ'-;ľͿȾ¦; BMP2ĕ> CCL5;ȋïPO+5˲2/ 
 
3.12. àɯƺöȳƦ;̋Ë  
 àɯƺöȳƦ;̋Ë<Zafranskaya et al. (2013):I25ŀĥ&M/ǞȭP͇Ǖň
'˲2/æÃɷ:< RPMI-16406 1×107cells/mL :ưɍ'/Õƀ°~tǳȈ˱ČȄɠ
ΊhPBMC΋:˯ßˣʫ CFSEP 10nMĀ376 5ð͗U]t)L$76
hPBMCP CFSE(DOJINDO)6ǿˣ'/-;ƘCFSEǿˣʮˎP PBS6ΏİȲȵ'ʮ
ˎŉ; CFSEP͟Ē'/CFSE6ǿˣ'/ hPBMCΕ5105cells/100µl7 AT-MSCsΕ1
105cells/100µlPRPMI1640 +10%FBS +50IU/mLUmU] 2(IL-2), 10mg/m
L Phytohaemagglutinin(PHA)PģEľͿȺ¦:ǑʑƘ375%CO2ɢń6åľͿ'
/ľͿȺ<ΏǡȠ:ǝΆľͿȺ:¯Ǎ'/ľͿΐǡɻ:ʮˎPİĘ'CD3-ECD(1:
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3.13. ŋ˘΃΃ƽsVh;ÅƱ  
 ã5;ĄɘŜ΂<ʛȯŋŘĄɘŜ΂ęKƶ˿ś:ƚ˲2/C/ŋ˘΃΃ƽ
sVh;ÅƱ<Ǡ:̔Ǜŀĥ&M5LǞȭP͇Ǖň'˲2/(Taguchi et al., 2
005)æÃɷ:< 8-12̻Έ; C57/BL6Vh:·͉P"Ĝ̥ŋ˘͇Pñ͖'/Ƙ
ŋ˘΃¦ō͇P{d6ñǜ'/ñǜ'/ŋ˘΃<ͤ˕: 27G;ȰŪ͑P÷'ñǜ
˵ 2 U͈ò 
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͇: 2mmʐƉ;ͦ͗6 LI:ŋ˘΃PêƉ39#/5×105cells; AT-MSCs<
2mm2mm; Gelform(Pfizer, USA)77G: 375%CO2ɢń6 10ð͗U]
t'ŋ˘΃ñǜ͇:ʏȊ'/9y\rTct7'5 AT-MSCs;
¶OK: PBSPĀ/kYPʏȊ'/ʏȊƘàɯƺö;/FdU_h
 A(wako)P 20mg/kg(Ã͍)P 4ǡȠ˗˕èƻ¡'/ 
 
  
3.14. ʰʾ;śƦĕ>ś͏̂Ǻ  
 AT-MSCsʏȊ:IL΃ƽ͇À;ÏƝăǼP̂Ǻ)L/FXʻǒƔĕ>ʰʾǿˣP











 ǞS[hRmkǿˣP˲/Fǲ˒ɏŋ˘΃ñɖ;ÅƱ< Hosoya et 
al. (2005);ǞȭP͇Ǖň'˲2/æÃɷ:<İĘ'/ŋ˘΃P 10%
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: 24ǥ͗ȸɊƘ10%, 20%, 30%h_h:ĝ 1ǥ͗ȸɊ'/ŋ˘΃< 4%[
]fojh6íʲŨļ&M/ÅƱ'/íʲp_P_Zhmpt
ΊLeica΋:jpt'ͯï'Ƙ_UZT6[|'˫ñ'/íʲT
ñɖ< 99.5%Xmz: 3 ð͗4%}Ss~u:ΐð͗ȸɊƘȥȲ'
ALP/TRAP ǿˣ]ptPÇęKƶ̑ǣǫ:ƚ 15 ð͗S[hRmk
ΊALP΋;ǿˣP˲2/-;Ƙ IX70 (Nikon, Tokyo, Japan) ĕ> BZ-X700 (Keyenc




Ƀś<ŋ˘΃PĄɘɥCT Aloka Latheta LCT-100 system (Hitachi, Tokyo, Japan):
jpt' 0.25mm͗ͥ6 30ǻ;΃ǜͯëɿPǒƔ'-;ǒƔɪÚJ΃ŤƉPʝï
'/΃; 3DUgÅƱ<̂Ǻlt OsiriX6˲2/ 
 Ǟ΃ƑƉ̌΂<ŋ˘΃P΃ƑƉ̌΂ȔΊBone Strength Tester model TK-252
C, Muromachi Kikai, Tokyo, Japan΋:jpt'ΏɒƽKǪ#̌΂:IK΃ñǜC
6:ĀJM/þ7̦ͫJstiffnessH failure load (N)Pʝï'/ 
  
3.15. Quantum dots:ILʮˎ̧̳̋Ë  
  ʏȊʮˎ;ɣÃè6;ĄƯP̧̳)L/F·ùŀĥ&M/ǞȭP͇Ǖň'˯ß͏
Ŗi Qdots(QD655)Pɥ/Ug`̂ǺP˲2/ΊOhyabu, Y et al., 2007, P
ietilä et al., 2013, Yoshioka et al., 2011΋$;Ǟȭ<ƼmƼÃP conjugate'
/ QD655P AT-MSCs:ęK̯C+-;ʮˎPVh;ŋ˘΃ȕǐ͇:ʏȊ'ĄƯP






6557; conjugation<Ž̜; antibody conjugation kit(Q2203MP, Invitrogen Lifetechno
logies)PÇɥ'ęKƶ̑ǣǫ:ƚ˲2/ 
 ƼmƼÃP conjugation'/ QD655 (i-QD)P AT-MSCs@ęK̯C+L/F
AT-MSCsPľͿ'5LľͿȺ¦: i-QDPĀ 375%CO2ɢń48ǥ͗ľͿ'
/-;ƘʮˎPİĘ' PBS6ΏİȲȵƘ˯ßͼƟ͓ IX70 (Nikon)6 i-QD AT-M
SCs;ʮˎè:ęK̯CM5L¬Pʆ̎'/ƘŜ΂:Çɥ'/ 
 




ism 5 (GraphPad software, San Diego, CA)PÇɥ'5˲2/C/ʴ̄ɷǯɓź< P<0.
057'ʝï'/ 
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ʘ 4ʖ ʲǼ  
 
4.1. ɔ˱ȾľͿȺ;͖ɵ  



































4.1.2. ĿʇľͿȺ;̈́ś  
 ɔ˱ȾľͿȺ͖ɵ;/FŒF:-;ĿǴʰƱ79LĿʇľͿȺ;̈́śP˲2/6
0¹;MSCs̺͘;ʄʔ̔Ǜ6MSCs;ľͿ:Çɥ&M5LĿʇľͿȺ;Çɥ͹ƉP
̓Ȁ'/ʲǼDulbecco’s Modified Eagle’s Medium(DMEM), αMEMPÇɥ'/̔Ǜ
ĞO+5 54¹7ŋĊPčFIMDMĕ> DMEM/F12ĝ 3¹02/ĝľͿȺ;əƠ
7'5 DMEM<Ȣ̬ɷ΅ɎƉ;Sz͋PģDMEM<Ȅ͋̙ť:ģCML
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C/IMDM<Ŋ͏; HEPESģCMʼ˴ˏƑĆ&M5L$7JŅȞƦ;Ǣ










ȢAǯƭ:΅2/Ǟ IMDM, DMEM/F12, RITC807;Ώ˅͗6ǯƭź<˾JM9
2/&J:$MJĿʇľͿȺ6ŅƁ'/ AT-MSCs;ːˉʮˎĕ>΃ˤʮˎ@;ð
ĆˏP̋Ë'/ʲǼ΃ˤʮˎ@;ðĆ6< IMDMːˉʮˎ@;ðĆ6< RIT8
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 Ȗ:΅ŅȞPʈ'/ bFGFPDGFAAPDGFBBTGFβEGF; 5ʑͽ:35-
M.M;ıŖPʰDĞO+/ŁĞ;ŅȞÍ̼ăǼ:35̌΂'/ĝıŖ;ɎƉP 1
0ng/mL:ĵś' 2~4ıŖã5;ʰDĞO+Ǹ¹P̈ś'/Ί˵ 4΋$;ʲǼNo.9, 
No.12, No.14, No.18, No.20, N0.23;Ǹ¹ə:΅ŅȞPʈ'/ΊĴ 5A΋C/$M
J;Ǹ¹6ľͿ'/ʮˎ;ƓƯ<ã5ʻʸˤʮˎȏ;ƓƯPʈ'/(Ĵ 5B)ǞČɜ





'/ʰDĞO+P̈́ƿ)L/F΅ ŅȞÍ̼ăǼ˾JM/ No.9, No.12, No.14, No.
18, No.20, N0.23;Ǹ¹:35ľͿhaP#(96 well plate  12 well plate)
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nectin6crT`'/ʲǼMEM:ŅȞıŖPĀ/ SFM< 1ʶ¶ɻC6 S
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CM:ȢA΅ŅȞPʈ'/-;ƘŅȞ͒Ć'͔ǱľͿïǹ92/Ǟ
MEM;ʰƱPǕň'/ SFM(modified)<ʪ 14ǡ͗3ʶ¶· AT-MSCsPľͿŅȞ
















4.1.5. crT`t_h;̈́ś  
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4.2. ɔ˱ȾľͿʨ;͖ɵ  
4.2.1. ɔ˱ȾðͫŹʐ;̋Ë  
 ˡɷ:ː ˉʰʾHˌɺʰʾʙ;ĵƓʰʾJ; MSCs;ǉę:<cbvkȭ
Çɥ&M5LC/ːˉʰʾHˌɺʰʾɧǹ MSCsPÇɥ'/ɔ˱ȾľͿȺʄʔ;
Ŋ!6<cbvkîɡǥHó¶ľͿǥ: FBSÇɥ&M5LFBS:<ȏ
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Ɓ6 LʨPȋ̅)LƢ˽L$MC6ː ˉʰʾJ MSCsǉęǸ¹Pȋ̅'/
ŀĥ<9!FBS;ǯɔPģF/cbvkîɡǸ¹;́ʮˎ;İĘăɞHɣŗ
ɞ:8;I9ƔͲP¡L;< ǣ6L 
 ǴŜ΂6<ǝ/:͖ɵ'/ SFMPɥʰʾJ MSCs;ðͫăɞĕ>ó¶ľͿ6
;ŅƁăɞ:35 FBSPÇɥ'/ƚǹȭ7Ȣ̬'/Ĵ 9:<ǴŜ΂h]Pʈ
'/ƨ˅Jǉę'/ːˉʰʾPğ(͍͏:9LIΏʙð'ʮǜƘǸ¹: P





ĆJʮˎPÎ̗)L/FHSAPĀ/͂ ơ'İĘ'/pt< 2%FBSC/< 2%
HSAPģE PBS6 2İȲȵ'İĘ'/pt:ģCML CD31-CD45-CD73+CD90
+;ʮˎǙĕ>ɣʮˎɞPɃś'/dUtm:ILðǺ;ʲǼCD31-
CD45-;ʮˎͩĲΊbt Q΋¦; CD73+CD90+Ίbt V΋Pðͫȋï)L$76
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 bt V;ȋïǙJ Flow-count beadsPÇɥ'ʮˎǙP̄Ƀ'/ΊĴ 10A-C΋
İĘ'/ʮˎ;ɣʮˎɞ<ã5;Ǹ¹6 90%·7ðͫǸ¹;́:ILɣʮˎɞɁ
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4.2.2. ɔ˱ȾŅƁŹʐ;̋Ë  
 ɔ˱ȾǸ¹6ːˉʰʾJðͫİĘ'/ʮˎ͔Ǳɷ: in vivo 6ŅƁěˏ
C/͖ɵ'/ SFM AT-MSCsPó¶ľͿJ͔Ǳ͗ľͿŅƁěˏPʆ̎)
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7;ŅȞØġ;́J SFM<˱Ⱦ: bFGFPĀ/ƚǹ;ľͿȺ:ȢA AT-MSCs
;ŅȞPǯƭ:΅!͔Ǳ:ʸǅ6 L$7ʈĬ&M/ 
 Ȗ:Ǵɔ˱ȾľͿʨȏ9uvɧǹ; AT-MSCsPó¶ľͿJřś'5ľͿ6
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4.2.3. ɔ˱ȾľͿʮˎ;Ʀ̠̋Ë  
 Ȗ:ɔ˱Ⱦðͫ-ľͿʨ6ČͫŅƁ'/ʮˎ MSCs6L$7Pğś)L/F˵
ͯƼđ̂Ǻĕ>¦ˍ˧ʨʮˎΊːˉ΃̪΃΋@;ðĆˏP̋Ë'/5ʶ¶ľͿƘ
; SF/SFMʮˎ< SC/SCMʮˎ7ğȏ: MSCs[6L CD73, CD90, CD105H













 ·;ʲǼJSF/SFMʮˎ<ƚǹ; SC/SCMʮˎ7ğȏ: MSCsȏ;˵ͯƼđ
RUPʈ'΃ˤʮˎːˉʮˎ̪΃ʮˎ@;ðĆˏPǯ)L MSCs6L$
7O2/$;$7J SF/SFM MSCsP̈́ƿɷ:ŅƁ6 LľͿʨ6L$7
ʆ̎&M/ 
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4.2.4. Ž̜ɔ˱ȾľͿȺ7;Ȣ̬  
  MSCsɥ;ɔ˱ȾľͿȺ<Ķèŉ!3;ºȌ͖ɵ̜Ň'5KŽ̜ɔ˱
ȾľͿȺ:͘)L̔ǛŀĥGŊǙL(Chase et al., 2010)±İ͖ɵ'/ SFM7Ž̜;
ɔ˱ȾľͿȺ7;ƦˏȢ̬P˲2/ǴŜ΂6< MSCsɥɔ˱ȾľͿȺ;Þ΁"6G
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ʂ!Ȗ6 Mosaic6KSCM7 StemPro<ğʐƉ02/ΊĴ 15A΋C/$MJ
Ž̜;ɔ˱ȾľͿȺ<˱ȾģǯľͿȺ7ğȏ:ȋÃȠ:ŅȞƦˏ:|q]ŋ !
ə: StemPro CTS< 4ȋÃ¦ 2ȋÃ6ʶ¶ƘʮˎƓƯňĆ'ŅȞȍʗ:͒Ć'












ȅ˙ɧǹƅʮˎ6 SFM:ILɔ˱ȾľͿP˲2/$;ʲǼã5;ʮˎ6 SFM< 2
0ǡ·ľͿPʶʷ'ʮˎPŅƁ)L$76 /C/ SFM;ŅȞØġ<ã5;ʮ
ˎʑ6 SCM7ğȏ02/(Ĵ 17A-C)$MJ;ʲǼJSFM< AT-MSCs;D9J
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*΃΄ɧǹȚȅ˙ɧǹȚ΄ɧǹƅʮˎ;ľͿ:Gƣɥěˏ6L$7ʈĬ&M/ 
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4.3. in vitro6;ɔ˱ȾľͿʮˎ;Ʀ̠ĕ>Ȕˏ̋Ë  













 Ĵ 18A:< AT-MSCs#132;ĝʶ¶ǥ;ʭʓʮˎð˸İǙPʈ'/SF/SFM< SC/S
CM:ȢAã5;ʶ¶6΅ð˸İǙPʈ'/Ǟ SF/SFM; SAGalȳƦ<ğ(
ʶ¶ǥð˸İǙŊ:G͘OJ*-;ȳƦ< 4ʶ¶ɻC6SC/SCM7ğʐƉ6K
5ʶ¶ɻ·͜ǯƭ:ÁÒPʈ'/(Ĵ 18B)&J: 5°;ƨ˅ɧǹ AT-MSCs; 2ĕ>
5ʶ¶ɻ;ʭʓð˸İǙĕ> SaβGalȳƦ;ƃĺÒPȢ̬'/ʲǼAT-MSCs#132;ʲ
Ǽ7ğȏ: 5ʶ¶ɻ; SA-β-GalȳƦ< SF/SFMʮˎ6 SC/SCMʮˎ:ȢAǯƭ:Á
2/ΊĴ 18C, D΋Ȗ:¤Ǹ¹ 5ʶ¶ɻC6ľͿ'/ʮˎ;ǲðĆ[ΊOct4, 
Nanog. Sox2. Rex1΋ͅ½Ŗ;ɵɟPĴ 18E:ʈ'/SF/SFMʮˎ< SC/SCMʮˎ7
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ğȏ: Nanog, Oct4, Sox2, Rex1;ã5;ǲðĆ[Pɵɟ'/&J: CFU-F a
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hPBMC ;ŅȞPdUtm6̋Ë'/(Ĵ 19A)$; CFSE ˣʫ<ŅȞ:
¾ʮˎð˸6-;˯ßƑƉ<ʪĊð:ɁŮ)L/F-;˯ßƑƉPǆȑ:ʮˎ;Ņ
Ȟ;ʐƉPʣÌ:̋Ë)L$76 L 
 ʲǼhPBMC;ŅȞ:¾ CFSE;˯ßƑƉ<ΐǡ͗6 80%·ɁŮ'/Ǟ6
MSCs 7;åľͿ:IK˯ßƑƉ;Ɂ˶ɞ< SF/SFM 6ʪ 15%SC/SCM 6ʪ 25%7
¤ľͿʮˎ7G:ğʐƉ;}ɠŅȞƺöˏPʈ'5L$7ʆ̎6 /(Ĵ.19B)




4.3.3. dUt[Uɤɣˏ;̋Ë   
 MSCsJɤɣ&MLȏ9dUt[U<in vivo6;ʰʾÏƝHàɯƺöʙ;Ȕ
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G;;ȋÃȠ;ɵɟ:|q]Kǯƭź<ʆ̎6 92/(Ĵ 20)&J:ͅ½
ŖɵɟƑƉ:ǯƭź˾JM/ıŖ:35m}_6;ɤɣ͏PȢ̬)L/
F ELISA assayP˲2/ʲǼCCL2< SF/SFMʮˎ6 SC/SCMʮˎ:ȢAʪ 5Ñ·
΅ɤɣ͏Pʈ'/(Ĵ 21A)'' BMP2ĕ> CCL5<ľͿȾ¦Jȋï)L$
7<6 92/$;/F TNFα6ʮˎP÷Ɍ'/ƘêƉɃś'/ʲǼCCL5<
SC/SCMʮˎ:ȢAǯƭ:΅ɤɣ͏Pʈ'/(Ĵ 21B)Ǟ6 BMP2< TNFα6÷Ɍ
ƘSF/SFMʮˎ6ȋï&/SC/SCMʮˎ6<ȋï6 92/ (Ĵ 21C) 
 ·;ʲǼJSF/SFMʮˎ< SC/SCMʮˎ:ȢA΃ƓƱm}_̠;36L
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BMP2H CCL2,CCL5ʙ;a[U;ɤɣˏ΅ěˏƦʈĬ&M/C/$MJ
ıŖ<΃ȕǐÏƝH˱ʞǝɣ:Ù!$7ʁJMLə:΃ȕǐ;ÏƝ:<˱ʞǝɣ;




4.4 in vivo6;ɔ˱ȾľͿʮˎ:ILʰʾÏƝˏ;̋Ë  
4.4.1. ŋ˘΃΃ƽsVhPɥ/΃ÏƝˏ;śƦ̋Ë  
 $MC6˱ȾľͿ6ŅƁ'/ MSCs ȕǐʰʾ;ÏƝ:ţ¡)LŀĥŊǙ9&M





n vivo6;΃ȕǐÏƝ:ŧ)L SF/SFMʮˎ;ǯăƦ:35ȋ̊'/ 




  Ĵ 22A,B :<ʮˎʏȊ 20, 30, 40ǡƘ;ȕǐ΃;ɛƯP X ʻĕ>CT ɪÚ&J
: H&EǿˣƘ;ʰʾñɖÚ:IKʈ'/CTɪÚJʮˎʏȊ 20ǡƘŋ˘΃:
<ŋ 9×ȝL-;Ƙƙ:ÏƝ' 40 ǡƘ:<ȕǐŭ&!9KÏƝ̼Q6




cyte ;ƓƱ̼Q6L$7́Ŧ6 L(Ĵ 22B)ə: SF/SFM ʮˎPʏȊ'/ŋ˘
΃< 20ǡƘ´;Ǹ¹:ȢAʻʸˤʮˎȏ;ŴŮ9ǞOsteocyte;ƓƱ̼Q
6K40ǡƘ:<ʻʸˤʮˎȏʮˎ Osteocyte:ˀ ǍOK΃˰Ğ̼Q6L
$7ʆ̎&M/(Ĵ 22B)$;ʲǼJ SF/SFMʮˎ SC/SCMʮˎ:ȢA΅΃Ï
ƝˏPǅ3ěˏƦʈĬ&M/ 
 
4.4.2. ŋ˘΃΃ƽsVhPɥ/΃ÏƝˏ;ś͏̋Ë  
 Ȗ:ÏƝ΃;ɛƯPś͏ɷ:̋Ë)L/FAT-MSCsʏȊ 30ǡƘ;ŋ˘΃;΃Ť
Ɖ΃ƑƉ(Stiffnessĕ> Failure load)PɃś'/ÏƝ¦;ŋ˘΃;΃ŤƉĕ> Stiffne
ss< SF/SFMʮˎʏȊ΃6 AT-MSCsͮʏȊ΃H SC/SCMʮˎʏȊ΃:ȢAǯƭ:΅
2/(Ĵ 23A, C)Ǟ Failure load < SF/SFM ʮˎʏȊ΃6 AT-MSCs ͮʏȊ΃:ȢA
ǯƭ:΅2/SC/SCMʮˎʏȊ΃7ğʐƉ62/(Ĵ 23B)·;ʲǼJS









4.5. ˯ß͏ŖiΊQdots΋Pɥ/ʏȊʮˎ;ÃèĄƯ̂Ǻ  






ͩʓ̼E$76ȕǐ΃ÏƝ&ML$7P˄Ŧ'5LΊKnight et al., 2013΋ɔ˱
ȾľͿʮˎ;΃ȕǐÏƝ[wiPȋ̅)L/Fȕǐʰʾ6;ʏȊʮˎ;ĄƯP̓
AL$77'/$;ȋ̅6<˯ ß͏Ŗi(Quantum dots-655(QD655))PÇɥ'/
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æÃɷ:<QD655P AT-MSCs;ʮˎè:Ŭâ'QD655;˯ßf`vPǅ3 AT
-MSCs Pŋ˘΃ȕǐ͇À:ʏȊ)L$76QD655 ;̡ˣ˯ßJʏȊʮˎP̧̳6
 L(Ohyabu, Y et al., 2007, Pietilä et al., 2013, Yoshioka et al., 2011)ǴŜ΂6
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 Ȗ: i-QDPʮˎ@ęK̯C+-;ęK̯Dăɞĕ> i-QDŅȞˏHðĆˏ:ƔͲ
)LPȋ̊'/ʲ Ǽi-QD;ęK̯Dăɞ<ʪ 90%7B7Q8; AT-MSCs6ęK
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ɥ' in vivo6;ʮˎ;̧̳̂ǺP˲2/ 
 
4.5.2. ʏȊʮˎ;ÃèĄƯ̂Ǻ  
 ʏȊ'/ AT-MSCs ;ŋ˘΃ȕǐ͇À6;ĄƯΊɣŗ͇À΃̺͘ʮˎ@;ðĆ;ǯ





Ƒ! ALP;ʬˣPʈ'/ΊĴ 26A΋Ǟ6 SC/SCMʮˎʏȊ΃< SF/SFMʮˎʏȊ΃
7ğȏ:Ŋ!;Łƴ6ʬˣ; ALP ͢ƦͷĽPʈ'/ɶǽ6ʈ)I:͇6ͮǿ





 ·;ʲǼJʏȊ'/ AT-MSCs ;͇<-;ľͿǸ¹ΊSC/SCM, SF/SFM΋:
͘OJ*ŋ˘΃ȕǐ͇À:78CK΃̺͘ʮˎ:ðĆ)L$76΃ȕǐ;ÏƝ:ţ¡
'5LěˏƦʈĬ&M/ 
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5·:̲AL 
 
5.1. ɔ˱ȾľͿȺ;͖ɵ  
 Ž̜ɔ˱ȾľͿȺPÇɥ'/̔Ǜ6ŀĥ&M5LI9ľͿ; řśƦ;ǕĮ7
&J9LŅƁăɞġěˏ9ɔ˱ȾľͿȺP͖ɵ)L/Fə:͍˽Ʀ΅Ŀʇľ
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ura et al.(2006)<MSCsšį@Ǌʀ)L$7:IK CD105Pɵɟ)L$7Pŀĥ'
5L$;ŀĥJG±İ˿ś'/[<̋Ë;6őƒ6L7˄5L 
 MSCs<ã5;cbvkîɡǸ¹6ːˉʰʾ 1gJʪ 2×105ÐİĘ6 cb












































v;ƄΈ MSCs;ŅȞHȔˏÁP̣$)ŀĥGLΊLund et al., 2010΋Ǵɔ
˱ȾľͿʨ<΅Έ˅d6Gřśɷ¢3ăɞɷ:ʮˎPŅƁ6 L$7ʆ̎6
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 /$7<˝Ƈƣɥ:ġ"/3;õɒ79LěˏƦL
 













































5.3. ɔ˱ȾľͿʮˎ;̠7řãƦ  
 ̷ƀʮˎ;ð˸İǙ<rS͔:˿ś&M͔Ǳ͗;ŅȞ<˃Ć̼DOct4
H Sox2ʙ;ǲðĆ[;ɵɟÁHŊðĆˏÁ'ʲǼ7'5ƅʮˎ7'5
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KɴĆ̣ LěˏƦ<Ů9$7ʈĬ&M/ 
 ľͿɢń;ňĆ< MSCs;əƠɷȔˏ;36LdUt[UɤɣˏPňĆ&+
L7˄JMLBMP2H CCL2CCL5;ɤɣˏ SC/SCMʮˎ:ȢA SF/SFMʮ
ˎ6ǯƭ:΅$7ǣJ792/C/ CXCL12<ʴ̄ɷǯƭźɔG;;S















9L7˄Lə: SF/SFMʮˎ6˾JM/ BMP2ĕ> CCL2CCL5ɤɣˏ;ġ<
$MJ;ıŖţ¡)L΃ÏƝ;D9J*ˮ˱đı79Lɰƨ:ŧ'5G SF/SFM
ʮˎ in vivo6ǯă:Åɥ)LěˏƦPʈĬ)LG;6L 
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dUt[U;Ŋ!̲'/ľͿȾ¦:ģCMLdUt[UΊLinero et al., 201
4΋΋7˟'/C/ SF/SFMʮˎ6<ǝ/: BMP2;ɤɣH΅ɎƉ; CCL2ĕ> CC
L5;ɤɣʆ̎&M5Lʙʮˎ˞̩:IL΃̺͘ʮˎ@;ðĆIKGȺƦıŖ:
ILƔͲƑ7˄LĝıŖ;æÃɷ9Åɥ7'5 BMP2< MSCs;΃ðĆ:
5ə:͍˽9ıŖ6Kȕǐ͇À:ͩʓ)L MSCs;΃ðĆPÍ̼)L(Tsuji et al. 
2006)Li et al.(2007)< ͅ½ŖŬâ:IK BMP2ͅ½Ŗ;ɵɟP΅F/ AT-MSCs
`ɚ;ů΃ȕǐ:ŧ'5΅ǯăƦPʈ'/¬Pŀĥ'΃ÏƝ:"L BMP2
;͍˽ƦP̔(5LǞ CCL2H CCL5<Čɠĕ>_Rg;̢̾PÍ'$
MJ;ʮˎ<ʷ5˱ʞǝɣ:ţ¡)L(Aplin et al., 2010Suffee et al., 2011)&J
:ČɠH_Rgɤɣ)L TNF<΃ÏƝǥ;̪΃è΃ƓƱ:5͍˽
9Ù Pǅ3$7Gŀĥ&M5L(Gerstenfeld et al., 2003)æÃɷ:< TNFαĚšÃ
zp_SVtVh:5΃ÏƝóǱ; MSCs;ͩʓHʃɏĆ̪΃;êĤĘʙ!
3;ÏƝ̿ʐ̽Ƌ)L$7J̪ ΃è΃Ć:"L TNFα;͍˽ƦPʈ'5L
C/CCL2<΃ÏƝóǱ:5ʅ΃ʮʮˎH΃ˤù΁ʮˎ;̢̾PÍ)ΊLi et al., 
2007΋&J:ƒʄʔŝ;Þ˲ʄʔ6 shRNA:IK CCL5;ͅ½ŖɵɟPzp_nV
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'/ AT-MSCs<˱ʞǝɣˏHŋ˘΃ÏƝˏ˨'!Á)L$7Pŀĥ'5LΊki
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